phase gradient, which is proportional to the superfluid velocity V, when l is uniform.
Recently, the hydrodynamic effect on the equilibrium texture of 'He-A has attracted much attention. Several studies'~have demonstrated that in spite of the anisotropic superfluid density favoring the alignment of the orbital axis / with the flow, the uniform texture with l parallel to the flow is only barely stable in the dipole-locked Ginzburg-Landau (GL) regime and actually becomes unstable against a helical distortion if dipole locking is switched off, or if the temperature is sufficiently close to absolute zero. These studies have assumed an open geometry, but may be applied to a slab geometry of width~if the condition Qa' » 1 is imposed, where Q represents an overall phase gradient, which is proportional to the superfluid velocity V, when l is uniform.
In the opposite limit Qw « 1, the orientation of I is dominated by the boundary condition that l tends to be anchored normal to the walls. ' In the slab geometry, with planar walls located at.x =0 and~, and a flow along the y axis, it has been shown that the I axis remains uniformly along x, until Q reaches a critical value Q"where a textural transition then takes place. These last two works, however, are susceptible to improvement, since (i) they have only considered stabilities against fluctuations depending only on x -a restriction which is clearly no longer satisfactory, in view of the findings of Ref. I -4"(ii) For Q & Q, they have assumed that the system takes a planar texture, with /confined in the xy plane -an assumption which is now known to be invalid because the gradient energy contains a term cp(V, I ) ( I '7 x I ), " which favors a '7 x I & 0 in the general direction of I, whenever V, I AO; (iii) Their studies are confined to the GL regime (i.e. , when the temperature T and the transition temperature T, satisfy T, -T « T,), and therefore need to be generalized to the whole temperature range below T,; (iv) Refs. 1 -4, which studied the limit Qa » 1, for which the wall effects may be neglected, the texture was found to have a periodic variation along the flow only, while here it is the wave number k defined in the direction perpendicufar to the flow (and parallel to the walls) which favors a nonvanishing value. Further study employing numerical methods will be carried out to pinpoint the true texture about Q, in the low-temperature limit. In the rest of this paper, I
shall confine myself to the GL limit, where we have p. and the minimum at q -1 becomes lower than the minimum at q =0, when y is decreased below the critical value 0.527 (cf, Fig. 1 ). This means a first-order textural transition as y is varied, but unfortunately the required range of y is unrealistic.
However, I believe that a suitably applied magnetic field can move the transition into the physical range, as we have already found in the limit Qw » 1, '0 Leaving the magnetic field effect for future studies, we now examine the order of the transition in the GL regime, as the current is increased beyond the value determined at Q = Q, for the uniform. i =x tex- '~We have drawn this conclusion based on our belief that the curve I ( Q ), although turning into a downward direction at Q"will eventually turn upward again and pass the critical value I, from below. We are presently attempting to verify this assumption by a numerical study. Then the sign change of 8 I /8 Q at Q~i mplying a first-order textural transition may be understood in terms of an analogy with the Van der Waals theory of the first-order liquid-gas phase transition. The main feature of that theory is the prediction of nonmonotonic isotherms (with unstable 9( -p)/9v & 0 regions) below a critical temperature T, .
Such curves must still be corrected by the "Maxwell construction", so as to allow for the formation of a heterogeneous liquid-gas mixture due to the unstable fluctuations of the homogeneous state. Similarly here, when 8 I /8 Q changes sign at Q" the assumption of a uniform texture and Q, independent of y and z becomes unphysical for a range of values of Q near and above Q, , so that some sort of a generalized Maxwell construction is again required. The resulting inhomogeneous states (varying in the x-y plane) can, however, be fundamentally different from the helical states discovered in Refs. 3 and 4 for the limit Q~& )1, since the la&ter states are characterized by intrinsic periodicities independent of the size of the container. The former states, in the case of positive surface energies between the two end states of the Maxwell line, will contain large homogeneous regions (with size dependent on the size of the container), separated by interfacial regions of minimum allowed areas and narrow intrinsic widths. However, whether the surface energy involved is positive remains to be investigated.
